The effects produced when presumably inert substances ( e.g., lactose and saline) are given to normal and diseased individuals are appreciated by many. Few physicians would deny the power of a placebo to influence pain, anxiety, or other "subjective" states in certain individuals; the ability of placebos to affect "objective" phenomena (such as vomiting) or to produce "side effects" of various sorts has also been reported (1) (2) (3) .
This article is an attempt to describe certain lesser known aspects of the "pharmacology" of the placebo by depicting, in some detail, the ways in which the clinical use of inert substances may lead to effects which are usually considered to be the exclusive property of active agents. Certain implications of the data will be discussed.
METHODS AND RESULTS

Time-effect curve in single dose experiments
One of the basic indices of pharmacologic activity is the time-effect relationship. When an active drug is given to patients, a maximal effect is typically achieved at a certain point in time. It is not widely appreciated that placebos can also show this behavior.
In Figure 1 are plotted some data obtained in a study of the effects of aspirin or a placebo on postpartum pain. One hundred and twenty-eight patients were studied in an obstetrical ward during the five day period following delivery. Identical appearing capsules were administered at random to any patient requesting medication for pain. All patients were interviewed by the same technician under double blind conditions immediately prior to medication, and at stated intervals after medication, and asked how bad their pain was. ' Four arbitrary pain categories were used; "very severe," "severe,"9 "moderate," and "slight," plus another category for "no pain." Data were obtained at one-half, one, two, and three hours after medication. The average pain relief scores were obtained as follows: Each patient was given a pain relief score for each interview after medication. If a patient described no relief at all at a given interview, a score of zero was recorded; if a decrease in pain was reported, a score of one, two, three or four was given, depending on the degree of relief reported. Thus, a change from "very severe" to "severe," or from "severe" to "moderate," or from "slight" to "no pain" counted as "one"; a change from "very severe" to "moderate," "severe" to "slight," or "moderate" to "no pain" counted as "two," and so forth. The sum of scores for all patients at a given interview point was then divided by the number of patients to give a mean pain relief score for the one-half hour point, the hour point, and so forth. These data are plotted in Figure 1 . The general similarity in the shape of the curves for those patients receiving aspirin and for those receiving placebo is evident, Figure 2 , indicate that the placebo therapy was associated with gradual rises in subjective reports of both appetite and pep. The levels achieved were maintained after cessation of 21t should be emphasized that the responses dealt with here are verbal reports. The extent, e.g., to which food intake would have been correlated with "appetite" is an interesting but different question.
placebos. In order to provide a baseline against which the reliability of the changes could be tested, the nine ratings before placebos were begun were averaged. A comparison of the mean of the first three ratings made under placebo with this baseline showed a rise in appetite scores from 2.51 to 2.93, which was statistically significant at the 0.01 level [sign-test, two-tailed (4)]. For pep the change was from 2.72 to 2.91. This change was not statistically significant. For both variables the curves continued to rise, however, as *the placebo therapy continued. Appetite rose from 2.93 to 3.45 and pep from 2.91 to 3.34, if the means of the first three days' ratings on placebo are compared with those of the last three of the placebo therapy. Both of these changes are significant at the 0.01 level. The curves did not drop following the end of placebo therapy, the rating four days later being 3.53 for appetite, 3.50 for pep. Figure 3 illustrates similar data on a popula- The increase for appetite is statistically significant at the 0.01 level. As in the first study, the ratings remained at substantially the same levels after placebos were withdrawn. The mean ratings over the next six days were 3.64 for appetite and 3.24 for pep. Two weeks after the stopping of placebos, pep had shown a decrease to a mean of 3.03 for the last three ratings available. This drop differs significantly from the 3.39 of the last three days on placebo. The ratings for appetite did not show such a decrease, with a mean for the last three days of 3.51.
Effectiveness of placebos in relation to severity of disease
Another general characteristic of drugs is the inverse relationship of their efficacy to the severity of a given complaint. The same relationship for placebos has been apparent in some of our own data. In a study on the efficacy of morphine and injected saline on postoperative pain (2), an inverse relationship existed between the number of doses of medication required postoperatively and the efficacy of morphine or placebo (see Table II ). If the average severity of pain of a group of patients can be gauged by the ability of a given dose of morphine to relieve their pain, it would appear that the patients requiring the largest number of doses of medication had more severe pain and were less relieved by morphine and placebo. In any case, there is an interesting parallelism between the performance of morphine and the performance of placebo. Figure 4 also bears on this point. These data were collected in the previously described postpartum study, and are a breakdown of the data on complete relief of pain observed after placebo into those observations collected on patients describing their pain initially as "very severe" or "severe as contrasted with those obtained on patients with pain initially described as "slight" or "moderate." The percentage of patients reporting complete relief of pain at any given time after medication is higher in the case of the "slightmoderate" group than in the "very severe-severe" The percentage of patients reporting complete relief of pain at some time during the three hour interval post-placebo was 21 per cent in the case of the "very severe-severe" group (n = 19), and 57 per cent in the case of the "slight-moderate" group (n = 42). This difference is significant at the 0.01 level. These data seem most easily interpreted as a less effective handling of the greater therapeutic challenge by placebo. The aspirin data from this study have been similarly analyzed and also indicate a similar lessened efficacy in patients with greater pain.
DISCUSSION
There are certain implications in these data. First of all, uncontrolled studies that claim a new or old drug to have shown unequivocal therapeutic benefit, merely because of "peak effects" or "cumulative effects" or persistent benefit after cessation of treatment, must be interpreted with considerable caution. A placebo effect is obviously not an "all or none" phenomenon, and such effects are not necessarily turned off or on, like an electric light bulb. Secondly, the time-effect relationships of placebo phenomena may be extremely important in deciding upon the times when data are to be collected in controlled trials. It is conceivable, for example, that in a certain situation the effects of suggestion are rapidly obtained, but also wear off fairly rapidly. In another situation the effects may require longer to wear off (5) . A failure to collect data at points other than the placebo "peak" may give a misleading notion about the efficacy of an active drug being compared against placebo. Thirdly, it appears likely [as suggested in an earlier paper (2) ] that the use of patients presenting severe therapeutic challenges may, at least on occasion, render placebo controls less necessary or less important.
Several questions are raised by the data presented. How can one explain the "cumulative effects" experienced by the patients receiving placebos? At times, patients interviewed on the first few days on placebos volunteered the information that, "You know, it takes a while for these drugs to take hold, Doc." The desire not to "disappoint" a doctor who is presumably eager for the patient to show improvement may increase progressively with the passage of time, as may the degree of reinforcement for a patient who feels that a "correct" answer (i.e., improvement) will result in the doctor taking a greater interest in him.
In regard to the "carry-over" described, we can only speculate. One possibility is that patients who are improved on placebos may feel (at least temporarily) that the placebo has achieved a "cure" and that further medication is not needed. It must be difficult for a patient to believe that a doctor who had observed significant benefit in a patient from to the giving of placebos. These groups were chosen because of the relative stability of their surroundings and their illness at the time of our studies. These data on severity of complaint and placebo efficacy are somewhat at variance with those reported by Beecher (6) , who found that patients studied early in the postoperative period (where pain is presumably more severe than later) are handled almost as well by placebo as by morphine, whereas later in the postoperative course morphine performs much better than placebo. The results were interpreted as showing that placebos work most effectively when the stress is greater. However, it is of interest that Keats has found (in similar patients studied by a similar technique) placebo and morphine yielding pain relief in 27 per cent and 60 per cent, respectively, of patients early in the postoperative course, and 55 per cent and 80 per cent, respectively, late in the postoperative course (7) . Keats' findings are thus in agreement with those in the present report.
SUMMARY
Data are presented to indicate that subjective responses to placebos can mimic certain characteristics of "active" drugs, such as "peak effects," "cumulative effects," "carry-over effects," and varying efficacy depending on the severity of the complaint being treated. Certain implications of these facts are discussed.
